Introduction: Rising rates of opioid abuse in the United States have generated an overdose epidemic. Particularly in the last few years, many offices across the country have seen a shift from prescription opioid toxicity to heroin, illicitly produced fentanyl, and, more recently, various fentanyl analogs.
INTRODUCTION
Rising drug abuse in the United States has generated an overdose epidemic. Within the national context, the origins of this crisis are thought to be traced to the overprescribing practices of opioid analgesics (e.g., oxycodone, hydrocodone) starting in the late 1990s and into the 2000s. In 2006, 72.4 opioid prescriptions were written per 100 persons in the United States. This rate increased 4.1% annually between 2006 and 2008 and 1.1% between 2008 and 2012. With public awareness, local and regional intervention, and improved prescribing practices, prescriptions for opioids decreased 4.9% annually between 2012 and 2016, leading to an overall 46.8% reduction from 2006 to 2016 (1) .
This decrease in prescription practices saw a concurrent rise in opiate and opioid associated deaths (2) (3) (4) . Unlike heroin, which is grown from poppy seeds dependent on ideal growing seasons and increased labor, fentanyl is highly potent and cheaply synthesized from readily available precursors, leading to its increased popularity as a street drug. Between 2013 and 2014, heroin and fentanyl overdoses nationally increased 26% and 80%, respectively (2) , resulting in nationwide alerts from the Drug Enforcement Administration (DEA) and the Centers for Disease Control and Prevention (5, 6) .
In 2014 and 2015, South Carolina saw 57.1% and 43.5% increases in fatal toxicity involving heroin and synthetic opioids such as fentanyl, respectively (7) . To further characterize these trends in South Carolina, a retrospective review was performed using autopsy data from the Medical University of South Carolina, a practice that serves roughly one-third of the state.
METHODS
The Medical University of South Carolina is a large academic medical center in Charleston, South Carolina. The Division of Autopsy and Forensic Pathology performs medical autopsies for deaths occurring internally and also serves as a referral autopsy service for medical autopsies from other healthcare centers and forensic autopsies for roughly one-third of the state. South Carolina is predominantly a coroner-based death investigation system. As such, the Division is not routinely involved in scene investigation or selecting cases for postmortem examination, but performs examinations, including full toxicology the vast majority of the time, on cases referred from the coroners of various surrounding counties and relies on the coroners for the other aspects of death investigation.
Autopsy records between 2013 and 2016 were reviewed to identify cases in which heroin, fentanyl, and/ or fentanyl analogs were detected. 2013 was chosen as an initial starting period because an updated electronic medical record keeping system was initiated at that time, making it difficult to extract data from previous years. Because hydrocodone and oxycodone are commonly abused prescription opioids, they were chosen to better characterize and compare licit opioid to illicit opioid-associated deaths. Cases in which hydrocodone, oxycodone, heroin, fentanyl, and/or fentanyl analogs were identified were then queried based on the following: the manner and cause of death; concentration; presence of other drugs; whether natural disease contributed to death; demographic information; and, in cases in which fentanyl was detected, if there was any indication for legitimate medical use. Those cases in which fentanyl was the cause of death rather than incidental to medical therapy were then focused on in order to identify trends associated with abuse.
As there is no crime lab or forensic toxicology testing available in-house, all specimens were sent to one of two nationally certified toxicology laboratories. All heroin deaths had positive 6-monoacetylmorphine (6-MAM) in the blood, vitreous, or urine. In all but two cases, free morphine was present in the blood as well. Fentanyl was routinely screened for during all years of the study at both laboratories. Fentanyl analogs were tested based on the pathologist's suspicion (e.g., unremarkable routine toxicology despite history and scene findings suggestive of recent drug abuse). Additionally, as knowledge of new analogs increased, directed testing was initiated in several cases in which the fentanyl screen was positive but confirmatory testing was negative.
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RESULTS
Heroin
A total of 3350 autopsy reports were reviewed. Heroin was identified with a yearly incidence of 2.1% (n=15), 3.0% (n=24), 4.0% (n=36), and 4.5% (n=43) between 2013 and 2016 ( Table 1) . With rare exception, when heroin was present, it was attributed as a cause of death for a total of 118 deaths. A polydrug mixture involving heroin was identified in 40%, 62.5%, 66.7%, and 70.7% of cases between 2013 and 2016. Natural disease was said to have contributed to death in 6.7%, 4.2%, 25%, and 17% of heroin deaths during those same years, with an average age of 40.8 years. Demographically, the decedents were predominantly white males in their late thirties ( Table 2) .
Fentanyl
Between 2013 and 2016, fentanyl was identified with a yearly incidence of 1.5%, 3.4%, 3.6%, and 5.1%, respectively, and was attributed as a cause of death in 30%, 48.1%, 75%, and 59.2% of these cases ( Table  3) . A total of 61 fentanyl-associated deaths were identified during this study period. When refined to cases in which fentanyl was the cause of death rather than secondary to medical therapy (e.g., palliative use in intensive care), the incidence dropped to 0.4% (n=3), 1.4% (n=11), 2.7% (n=24), and 2.3% (n=23). Focusing on these cases, a polydrug mixture was identified in 33.3%, 69.2%, 66.7%, and 82.7% of cases during that timeframe. Heroin was discovered as a polydrug mixture with fentanyl beginning in 2014 through 2016 in 9.1%, 12.5%, and 18.4% of cases, respectively. Additionally, polydrug mixtures involving fentanyl ana- 
Fentanyl Analogs
Fentanyl analogs were not identified until 2014 (Table 4). Beginning then, the incidence rose from 0.3% (n=2) in 2014 to 0.7% (n=7) in 2016. Two cases in both 2014 and 2015 involved acetylfentanyl. In 2016, seven cases with 11 fentanyl analogs were identified, including acetylfentanyl (n=3), acrylfentanyl (n=2), furanylfentanyl (n=2), 4-ANPP (n=2), carfentanil (n=1), and para-fluorobutryl fentanyl (n=1). Although not technically a fentanyl analog, U-47700 was discovered in a polydrug-associated death and included in the analog classification. Of the 11 deaths involving fentanyl analogs, a polydrug mixture was discovered in 81.8% of cases. Comixtures with fentanyl accounted for 36.4% of cases, while no comixtures were iden-tified involving heroin. In every case, the fentanyl analog was attributed as a cause of death. Of the 11 cases identified, the majority of decedents were white males in their mid-thirties.
Hydrocodone/Oxycodone
Between 2013 and 2016, hydrocodone was identified in 4.9% (n=34), 4.8% (n=38), 5.0% (n=45) and 5.0% (n=48) of cases and was a cause of death in a total of 62 cases (Figure 1) . The yearly incidence of associated death was 2.3% (n=16), 1.3% (n=10), 1.8% (16), 2.1% (n=20). Oxycodone was identified in 7.7% (n=53), 5.9% (n=47), 6.3% (n=57), and 6.6% (n=64) of cases and was a cause of death in a total of 101 cases. The yearly incidence of associated deaths from 2013-2016 was 4.5% (n=31), 2.8% (n=22), 2.7% (n=24), and 2.5% (n=24). When attributed as a cause of death, hydrocodone and oxycodone were part of polydrug mixtures in 95.2% and 93.1% of cases, respectively. Natural disease contributed to death in 25.8% and 18.8% of hydrocodone and oxycodone cases, respectively.
DISCUSSION
Keeping in line with national trends, the incidence of heroin, fentanyl, and fentanyl analog-associated deaths increased between 2013 and 2016, while hydrocodone and oxycodone decreased and then re- (Figure 1) . Deaths in which fentanyl was attributed as a cause of death rose from 0.4% to 2.3%. Between 2015 and 2016, a drop was noted in fentanyl-associated deaths from 2.7% to 2.3%; however, 2016 saw an increase in seven cases of fentanyl analog associated deaths. When combined, the incidence of fentanyl and fentanyl analog-associated deaths increased to 3.0% in 2016, indicating an upward trend in synthetic opioid-associated mortality.
Heroin-associated deaths also saw a significant increase from 2.2% to 4.5% between 2013 and 2016. Natural disease contributing to heroin-associated death increased throughout the study. One might expect a broadened age demographic as heroin increased in popularity throughout the study, and with this increased age demographic attendant comorbidities (e.g., heart disease, chronic obstructive pulmonary disease) not typical in younger age groups. However, there was no correlation between overall age and the increase in natural disease. One possible explanation for this rise is that the ubiquity of heroin-associated deaths propagated a "numbing" effect in which pathologists were more likely to contribute additional factors to cause of death in addition to heroin toxicity.
Heroin Oxycodone
Fentanyl 
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Of the 3350 autopsy cases reviewed, fentanyl and heroin accounted for 2.6% of total deaths in 2013 and increased to 7.2% by 2016. 2014 and 2015 saw the most significant increases in overall cause of death due to both fentanyl and heroin. With rare exception, heroin was attributed as a cause of death when identified on toxicology as opposed to fentanyl, which was attributed as a cause of death in 30-75% of cases. Cases in which fentanyl may have been used in a legitimate, therapeutic fashion steadily decreased from 90% to 37%. When refined to cases in which fentanyl was a cause of death, therapeutic indications decreased from 100% to 26.1%. Hydrocodone and oxycodone-associated deaths decreased in 2013 and then remained relatively stable through 2016. The overwhelming majority of these cases involved polydrug mixtures.
The trends characterized by this study tend to follow national data. Between 1999 and 2015, opioid deaths have quadrupled in the United States from 8050 to 33 091 (1) . In a study examining national and regional (Northeast, Midwest, South, West) trends involving unintentional deaths associated with heroin and synthetic opioids between 2006 and 2015, heroin overdose increased significantly beginning in 2010, both regionally and nationally. The Northeast and Midwest were particularly afflicted, experiencing steady yearly increases in heroin drug reports throughout 2006-2015 (8) .
Regionally, the Northeast, Midwest, and South have seen significant rises in synthetic opioid deaths not involving heroin between 2013 and 2015 (8) . Fentanyl produces euphoric effects indistinguishable from heroin, but with a shorter onset of action and a potency 50-100 times higher than morphine. This, in addition to cheap costs, ease of manufacture, and limited detectability have contributed to its increased popularity as a street drug, often being either laced with or sold as heroin (9, 10) . This trend was not reflected in the study, as heroin-associated deaths continued to lead in mortality compared to fentanyl and fentanyl analogs combined. Nonetheless, South Carolina did see a significant rise in the incidence of fentanyl-associated deaths throughout the study. One hypothesis for the increased incidence of heroin toxicity is its local availability. However, given the limitations of the investigation system in South Carolina, it was not possible to acquire drug seizure data from each jurisdiction in order to correlate this upward trend.
The rise in fentanyl-associated deaths both nationally (8) and in South Carolina is likely traced to illicitly manufactured fentanyl (IMF). Beginning in 2013, fentanyl exhibits rose dramatically in the US, with nearly an eight-fold increase in 2015 compared to 2006 (9) . A strong correlation exists between this rise in IMF submissions and the increase in synthetic opioid-associated overdoses without significant increases in prescribed fentanyl, suggesting that, although a minority of pharmaceutical fentanyl may be diverted for abuse, the majority of fentanyl causing acute toxicity is illicitly manufactured (11) . Many of these seizures are thought to have originated in clandestine labs later trafficked from Mexico (5) . The eastern United States is particularly affected by this influx (11) . White powder heroin is popular east of the Mississippi River, whereas black tar heroin more popular west of the Mississippi River, which allows for fentanyl to be easily laced in or disguised as heroin to unsuspecting users (4) .
In addition to an increase in fentanyl-associated deaths, while limited in number, South Carolina likewise saw a dramatic increase in fentanyl analogs. Although not part of this study, the appearance of fentanyl analogs has anecdotally been trending upward into 2017. Fentanyl analogs pose a unique challenge in the forensic setting, as the structure of fentanyl allows for large variation in synthetic derivatives. The variety of these analogs, in addition to the marginal concentrations required for overdose, complicate postmortem toxicological identification, as novel analogs are not included in standard drug testing and analytical methods for detecting these novel agents are in need of continuous update. This complicates the reporting of fentanyl analogs, as a high index of suspicion is required for directed testing. Similar to fentanyl, fentanyl analogs are often used as an adulterant or substitute for heroin. In the current study, while heroin was not identified as a comixture in cases where fentanyl analogs were present, the clinical history for several of ORIGINAL ARTICLE these cases suggested that the decedents were abusing what they thought to be heroin.
Analogs are thought to be sold as precursor chemicals under the guise of "research chemicals" from countries including China, which are then processed and trafficked into the US through Mexico and Canada (10) . Novel analogs are continuously emerging. Acetylfentanyl (10, 12) , butyrylfentanyl (13, 14) , and furanylfentanyl (15) are examples of the more commonly described derivatives in the scientific literature.
In the current study, acetylfentanyl was the most commonly encountered analog, however other novel analogs, such as acrylfentanyl, are arising with increased frequency. Recent reports in Ohio have documented the increasing presence of IMFs and fentanyl analogs involved in overdose mortality, supplanting heroin, and pharmaceutical overdose. Beginning in 2017, fentanyl, fentanyl analogs, or a combination of both accounted for 90% of unintentional overdoses. Furanylfentanyl and acrylfentanyl were the most commonly encountered analogs (16) .
As mentioned, the analogs detected in this study were identified when directed testing was requested based on a highly suspicious scenario for an overdose (e.g., younger individual, no evidence of trauma or natural disease, high risk lifestyle) yet routine testing was unremarkable, or cases in which a fentanyl screen was reported as positive but could not be confirmed on directed testing for fentanyl. Given this algorithm, there are very likely additional cases in which fentanyl analogs were present but directed testing was not performed due to a lack of suspicion by death investigators or another cause of death was identified. Additionally, due South Carolina's death investigation system, certainly some deaths due to fentanyl analogs, and other drugs, were not examined at our institution if a coroner denied jurisdiction or performed their own external examination and toxicology draw without utilizing our services.
CONCLUSION
Between 2013 and 2016, illicit opioid-related deaths have steadily increased in South Carolina. Compared to other larger jurisdictions, particularly in the Midwest and Northeast, heroin has contributed the highest burden to overall deaths. Nonetheless, a significant increase in fentanyl-associated deaths emerged beginning in 2014. Although fentanyl-associated deaths decreased between 2015 and 2016, a dramatic increase in fentanyl analogs was noted in 2016. When combined, the incidence of mortality associated with these synthetic opioids continues on an upward trend. Licit opioid-associated deaths decreased in 2013 and then remained relatively stable into 2016. Fentanyl analogs pose a particular threat given their extreme potency and absence from standard drug testing, and, anecdotally, at the conclusion of this study appear to be trending upward into 2017. The data presented may offer insight into one practice's experience with a national epidemic, and, in particular, aid authorities in identifying drugs most frequently causing death in our community.
